INTRODUCTION
Darcy's Law sufficiently describes the flow of Newtonian fluids in porous media. Darcy's Law is strictly valid for viscous flow (i.e. Re → 0). It is generally used for modeling flow in petroleum reservoirs and aquifers, because the low-matrix permeability results in low velocities. At low velocities, Siddiqui et al. (Siddiqui, Soliman, Waylon, & Akif, 2016 ) have already showed a deviation of Darcy's law which prevails away from the wellbore. However, higher velocities are often observed in fractures and near wellbores; a more complicated model is needed to describe flow in these cases. Forchheimer's equation (Forchheimer, Wasserbewegung durch Boden, 1901 ) is an extension to Darcy's Law and models the nonlinearities that occur because of inertial effects:
The constant, β, is referred to as the non-Darcy coefficient and is found experimentally. It represents the additional inertial resistance caused by the converging/diverging and tortuous medium geometry. A bundle of straight tubes have a non-Darcy coefficient of exactly zero. The above equation reduces to Darcy's law for small values of velocities.
Forchheimer's equation fits some experimental data very well by Forchheimer (1901; 1930) and others (Blake, 1922 Barree and Conway (2004; 2005) for a minimum-permeability plateau has validity and are supported theoretically and numerically.
In their paper, Barree and Conway (2005) also suggested permeability obtained by extrapolation to the intercept in a Forchheimer plot is not the Darcy permeability. Figure 1 shows their findings that a Forchheimer straight line is not observed from measure data. If an apparent Darcy permeability is measured at low rate and the apparent β is measured from the tangent to the data at high rate, the actual flow capacity of the system will be misrepresented by Forchheimer's Equation (lower line). If the consistent slope and intercept of the high-rate data is used, the flow capacity will be severely underestimated at low rate (upper line). Therefore, they concluded that only a continuously changing apparent flow capacity will accurately describe the system at all flow rates. 
NON-DARCY FLOW COEFFICIENT CORRELATIONS
Non-Darcy coefficient β correlations are functions of permeability, porosity and sometimes tortuosity. β factor is the degree of tortuosity of porous channels related to particle acceleration. Empirical correlations have been suggested by many researchers, some of the more popular ones are listed below. However, finding β is most commonly accomplished by experiments or pressure transient tests. Equations Error! Reference source not found., Error! Reference source not found.andError! Reference source not found. assume permeability in mD and β in 1/ft. Geertsma (1974) suggested a model based on dimensional analysis, experimental data and physical considerations shown in Equation Error! Reference source not found.. The author prescribes the phenomena to laminar flow regime and the deviations to be purely due to acceleration of the fluid in pore spaces. 
Problem Analysis
The diffusivity equation generally used in the literature is based off of Darcy's Law. However, as discussed, Darcy's law may not be valid for high velocity flows especially in the near wellbore region or in fractured reservoirs. Wattenbarger and Ramey (1968) (8) The authors approximated the effect of turbulence by an additional skin drop (Dq g ) in the equation. Soliman et al. (1991) had claimed that this approximation is valid as long as turbulent flow regime does not prevail through a large portion of the reservoir. That is, approximating the turbulence effect for tests with a radius of investigation of more than 50ft will yield an acceptable accuracy from approximating the turbulence effect with an additional rate dependent skin term (D).
This study uses the novel framework suggested by Soliman et al. (1991) to model the post-Darcy turbulence effect with different skin values during drawdown and buildup. The authors had used unit step functions to model the problem of changing skin as the well is shut-in. This study will use numerical simulators to examine this effect of changing skin and shows that indeed it is correct from an engineering point of view to model non-Darcy turbulence equivalently as a problem of changing skin.
Numerical Simulation
Numerical tools have become a popular choice for engineering calculations, and this study uses and relies on the robustness of two such different numerical tools: Finite Element and Finite Difference. For finite element method, a powerful software, COMSOL Multiphysics was used to solve the governing partial differential equation. For finite difference, QuikLook simulator was used, which is a petroleum industry standard software for reservoir simulation.
FINITE ELEMENT MODEL WITH COMSOL
COMSOL was used to solve the differential equations for changing skin problem. The problem was defined by the Equations Error! Reference source not found.throughError! Reference source not found.. 
Equation Error! Reference source not found.describes the governing partial differential equation of the flow of fluids through porous media. Equations Error! Reference source not found.andError! Reference source not found. describe the initial conditions, and the outer boundary condition of the problem. Equation Error! Reference source not found. uses the step function to impose the drawdown shut-in on the flow rate (inner boundary). It essential states that at time t pD and after, the dimensionless rate goes from 1 to 0. What is novel about using step functions is described by the second part of the inner boundary condition in Equation Error! Reference source not found.. By using step functions, the equation imposes the condition of changing skin from skin during drawdown (s DD ) to skin during buildup (s BU ) at dimensionless time larger than t pD . Figure 6 .2 shows the step function used to model the rate change.
Figure2. Unit Step function
The above equations were input into COMSOL for solution using finite element method. The solver was run for various scenarios of s DD , s DD and C D . The software was run for dimensionless times up to 1x10 8 . Automatic time stepping was used to choose time steps based on backward differentiation formula (BDF) varying between the order of 1 and 5.
Meshing was performed on an axis symmetric (radial) line interval with the left end point at 1 (r D =1) and right end point being sufficiently large to effectively become infinite acting (r D ∞). The size of the mesh was chosen to be increasing logarithmically increasing away from the wellbore, to avoid unnecessarily large number of mesh elements.
COMSOL Results
Results were generated for various realistic values of skin to determine the dimensionless pressure response. The dimensionless initial pressure was assumed to be 25 and the dimensionless producing time was taken at 1x10 6 Figure shows the resulting dimensionless pressure drop for C D =100. The results reveal that the skin during buildup has no consequence on the pressure response during buildup, because the pressure responses coincide after shut-in, with the only difference being the last flowing pressures are lower for higher skin values and vice versa. The same trend result is obtained for a larger value of C D =1000 in Figure. 
Figure3. Dimensionless Pressure Response for C D =100
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Figure4. Dimensionless Pressure Response for C D =1000
It is well known that skin has no effect on the radial flow regime during buildup because skin appears in the inner boundary condition with the wellbore storage. And as soon as the pressure gradient (i.e. rate) vanishes during buildup, the effect of the skin goes away and radial flow (buildup) regime is manifested. However, the subtle point here is that superposition is still valid i.e. the non-linear equations described earlier soon become essentially linear paving the way for the validity of superposition. This will be explored in the next section with the reservoir simulator. This point is also supported by Figure which shows the Horner plot for various skin value scenarios. It shows that curves with the skin during drawdown of 10 build the pressure back up with the same rate without any effect from the skin during buildup; and similarly, the pressure response during buildup is not affected by the buildup skin for the case of skin during drawdown of 5. The small fluctuations in Figure are attributed to the numerical instability arising from the fact that step functions cause a drastic change in the condition which results in numerical challenges for the solver. 
RESERVOIR SIMULATION WITH QUIKLOOK
One of the industry standard reservoir simulator, QuikLook was used to study the effect of β-factors on the pressure response and to show that the buildup pressure is unaffected by the β-factors except for the last flowing pressure (which is required to compute the skin).
The simulator was input with the reservoir and well properties given in Table. A radial grid with one well in the center was created. The well was setup to have a skin of 5 and a β-factor of 1×10 11 1/ft and1×10 14 1/ft as separate cases. Another case was also setup in the simulator to have a skin of 5 during drawdown and 8.9 during buildup. This was done to approximately model the pressure response of β =1×10 14 1/ft. Table. The results show that β-factor can be modelled by using skin factors. The application of Horner's technique inherently assumes superposition. The deeper point here being the fact that even though the problem is described by non-linear differential equations, superposition is still valid for larger values of time, because at longer times the problem essentially becomes linear. 
Table2. Analysis results for the Horner plot for the three cases
Figure7. Horner Plot for three cases
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